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PURPOSE: To improve the recovery rate of hydrogen by diffusing the hydrogen 
in the gas produced by the steam reforming reaction through a first\membrane, 
cooling the unpossable gas remaining in a reactor to condense and separate 
steam, and then diffusing the remain ing hydrogen through a second membrane. 

CONSTITUTION: The gaseous mixture of hydrocarbons and steam is introduced . 
'into a reactor 100 packed with a steam "reforming catalyst 16 between a first 
hydrdgen"permsehective membrane 18 and an outer vessel 14 through a duct 
10, heated to 300-T00 c C by a heater 12 and catalyzed, and the hydrogen in the 
product gas is partly diffused through the membrane 18 and discharged from 
a duct 20. Meanwhile, the unpassable gas remaining in the reactor 100 and 
contg. hydrogen and steam is introduced into a cooler 24 to condense steam, 
which is discharged from a gas-lip. separator 28 as condensed water 42. The 
remaining product gas is introduced into a membrane separator 200 heat- 
insulated by a heater 32. and the hydrogen is diffused through a second hydrogen 
permselective membrane 36 and discharged from a duct 36. \ 
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Specifications ^3- 

1. Title of the Invention 

Method for Manufacturing Hydrogen 

2. Claims 

1. A method for manufacturing hydrogen characterized by forming a 
part of a wall from a 1 st hydrogen permselective membrane, introducing 
a hydrocarbon and steam into a reactor packed with a steam reforming 
catalyst and allowing these to catalyze at 300 to 700°C, 
simultaneously separating the hydrogen in the reaction-produced gas 
through said 1 st membrane, removing and cooling the impermeable gas 
containing hydrogen and steam vapor remaining in the reactor, 
condensing and separating the steam vapor, and subsequently separating 
the hydrogen from this gas through a 2" d hydrogen permselective 
membrane . 

3. Detailed Specifications 
(Field of Industrial Utilization) 

The present invention relates to the method for manufacturing 
hydrogen by subjecting a raw material composed mainly of hydrocarbons, 
such as naphtha, natural gas, LPG, and municipal gas, to reforming by 
steam, and in particular, the suitable method for manufacturing high- 
purity hydrogen with a purity of at least 99.99% which is used in IC 
applications, such as semiconductor epitaxial and silicon single 
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crystal usage. 

(Problems Which the Invention Intends to Solve) 

Methods in which hydrogen is produced by utilizing a steam- 
reforming reaction on naphtha, natural gas, LPG, and the like are used 

widely in the industry. 

in this method, the raw material hydrocarbon and steam are 
supplied continuously into a reformer and a gas mixture of H 2 , CO, 
C0 2 , CH 4 and H 2 0 is produced by a steam-reforming reaction in a 
catalytic layer heated to 700 to 900°C, as shown according to the 
following formulas. This gas mixture is further separated and 
purified in a CO transformer, decarboxylation device, and methanation 

device to produce hydrogen gas. 

A method in which the above-mentioned gas mixture is cooled, the 
steam is condensed and separated, and the hydrogen is separated and 
collected through a hydrogen permselective membrane also is well 
known . 

The hydrocarbon steam-reforming reaction is performed according 
to the following general formulas (1) to (3). 

CJL+ »M ^ ftCO + ( « + -Ol. ■"(1) 

2 

Oh f 1,0 ^ CO + 3R* 

CO + M ^ CO * + H» *"(3) 
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The reactions in (2) and (3) are reversible. In order to produce 
a gas high in hydrogen according to the thermodynamic equilibrium in 
this method, high-temperature conditions are required, but this method 
has the following problems: 

(D Since the reactions in formulas (2) and (3) (hereinafter, 
referred to as "hydrogen-producing reactions") are reversible, the 
reformed gas is a mixture of H 2 , CO, C0 2 , CH 4 and H 2 0. Therefore, in 
order to produce highly pure H 2 gas, it is necessary to produce that 
H 2 gas by temporarily removing the reformed gas to outside the system 
and then separating and purifying it. Namely, it is necessary to 
provide separation and purification devices in addition to the 
reformer . 

© in order to improve the hydrogen production reactivity in (2) 
and (3), it is necessary to increase the reaction temperature to 700°C 
to 900°C or the steam/hydrocarbon ratio. However, a conversion 
exceeding the thermodynamic equilibrium value is impossible due to the 
reversibility of the hydrogen-producing reaction. 

<3> It is necessary to make the entire device larger, and at the 
same time, increase the amount of fuel for heating. 

© Resistance to heat at 700 to 900°C is demanded of the steam 

reforming catalyst. 

As mentioned above, in order for a high- temperature reaction (700 
to 900°C) to arise using the above-mentioned technique, are larger 



reformer and a heat-resistant fuel are required. In addition, the 

cost of energy rises. 

As a method for solving these problems of the above-mentioned 
technique, there is known a method for manufacturing hydrogen in which 
part of a wall is formed from a 1 st hydrogen permselective membrane, a 
hydrocarbon and steam are introduced into a reactor packed with a 
steam reforming catalyst and allowed to catalyze, and simultaneously 
the hydrogen in the reaction-produced gas is passed through the 
hydrogen permselective membrane and separated and collected 
(publication of Tokkai No. 1-219001). 

According to this method, the produced hydrogen is removed to 
outside the reaction system simultaneous to the reaction; hence, the 
equilibrium shown in the above-mentioned reactions (1) to (3) shifts 
to the production side, so there are the following advantages: 
© The hydrogen yield is higher than the thermodynamic 

equilibrium value, 

<D the reaction temperature can be reduced, 

® the separation and purification step can be eliminated after 
the reaction, 

© energy-saving processes are realized through these advantages. 
However, this method has the following drawbacks: 
© Generally in the case of the membrane separation of hydrogen, 
the bigger the difference in the hydrogen partial pressure on the 



membrane-impermeable side and the hydrogen partial pressure on the 
membrane-permeable side, the higher the amount of hydrogen that 
permeated through, but 20 to 60% by volume of steam usually remained 
in the hydrocarbon steam-reforming reaction gas product. The hydrogen 
partial pressure on the membrane- impermeable side is lower than when 
no steam is present, and there are limits to the recovery rate 
(percentage of permeated hydrogen with respect to the amount of 
hydrogen produced by hydrogen membrane separation. 

in order to reduce the amount of steam remaining in the steam- 
reforming reaction-produced gas, reducing the mole ratio of the steam 
and raw material hydrocarbon supplied to the reactor also has been 
considered, but by doing this, carbon easily deposits on the reforming 
catalyst and the catalytic lifespan is reduced; hence, it is 
impossible to eliminate the remaining steam in the reforming reaction 
gas product in a practical manner. 

(D in order to increase the difference in the hydrogen partial 
pressure on the membrane-impermeable side and the hydrogen partial 
pressure on the membrane -permeable side of the steam-reforming 
reaction-produced gas, a method is known in which the permeable gas 
side is purged with an inert gas, such as argon gas, to reduce the 
hydrogen partial pressure on the permeable side, but in this case, 
argon gas or the like becomes mixed with the hydrogen product, which 
causes the impurity concentration to increase. 
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The object of Che present invention is to obtain a method for 
manufacturing hydrogen which gives a higher hydrogen recovery rate 
than in the aforesaid prior art during the manufacture of hydrogen by 
steam reforming of a raw material composed mainly of a hydrocarbon. 
(Means Used to Solve the Problems) 

namely, the present invention is a method for manufacturing 
hydrogen characterized by forming a part of a wall from a X" hydrogen 
permselective membrane, introducing a hydrocarbon and steam into a 
reactor packed with a steam reforming catalyst and allowing these to 
catalyze at 300 to 700°C, simult^rsO^ parating the hydrogen in 
the reaction gas product through said 1" membrane, removing and 
cooling the impermeable gas containing hydrogen and steam vapor UL 
remaining in the reactor, condensing and separating the steam vapor, 
and subsequently separating the hydrogen from this gas through a 2 - 
hydrogen permselective membrane. 

Pd or a Pd alloy containing Ag. Au, Cu and the like is desirable 
£or the raw material of the 1" and 2- membranes used in the present 
invention. In order for hydrogen only to permeate through these 
membranes, a high-purity hydrogen of at least 99 . 9 9% can be obtained 
in one fell swoop. In the case of a pure Pd membrane, by repeating 

=f innor or less in the presence of H 2 , the 
heating and cooling at 300 C or less 

membrane deforms because the H, is repeatedly occluded and discharged 
and thus easily destroyed, but the aforesaid Pd alloy membrane is not 



de formed by occlusion and discharge of H 2 at a low tenure close 
to 3000c and it has outstanding durability, so it is especially 

preferable as the 2 nd membrane. 

. • n rt f the 1 st and 2 nd membranes may be a hydrogen 
The material of tne x ciu<a 

separation membrane in which the surface of an alloy —bran. 

a Pd alloy (publication of Tokkai No. 1-262294). 

Furthermore, a Pd-Cu membrane obtained in a method in which a Pd 

is formed on the Pd thin film in respective chemical plati„ g methods 
and then a heat treatment is performed is known (publication of T okkar 
Ko. 63-294925, and can be used for the materia! of the 1- and 2- 

membranes . 

The shape of a typical Pd alloy me^rane in a reactor rs 
g enerally cylindrical, hence, a cylindrical shape is preferable, 
oependin, on the situation, numerous membrane modules bundled into the 
shape of hollow fibers are more preferable because the membrane 
surface area is lar g e and the amount of g as .permeatin g throu.h them 
can be increased per unit surface area. 

m either case, these membranes are g enerally used so that the 
hydr o g en will usually permeate throu.h to the interior of the cylinder 
from outside of the cylinder. 
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The steam reforming catalyst used in the present invention is 
generally one carried on a carrier which is a metal, such as Rh, Ru, 
Ni, ir, Pd, Pt, Re, Co or Fe . Out of these metals, Ni , Ru and the 
like are more preferably contained. It is preferable that this 
carrier contain a heat-resistant oxide, and alumina, magnesia and/or 
tantalum oxide are especially suitable. These oxides improve the heat 
resistance of the catalyst metal, and at the same time, there are 
advantages because carbon deposition, which is the cause of 
deterioration of the activity of the catalyst, is inhibited, among 

other advantages. 

The higher the temperature of the steam-reforming reaction in the 
present invention, the faster the hydrogen-producing reaction 
proceeds, but it should range form 300 to 700°C, which is lower than 
the temperature of 700 to 900°C in the prior art. When the present 
invention is carried out at 550 to 70 0 o C , the steam reforming catalyst 
in the prior art can be used, but when it is carried out at 300 to 
550°C, it is better to use a catalyst with more outstanding low- 
temperature activity. in this case, the dispersibility of the 
catalytic metal, such as Ru or Ni, in the heat-resistant oxide serving 
as the carrier should be improved. It is preferable from the 
standpoint of reaction yield that there be 30 to 90% by weight, and 
more preferably, 60 to 80% by weight of Ni in the catalyst metal. The 
catalyst for methanation utilizing a hydrocarbon, steam, and the like 



that i. generally used is ideal because it is outstanding in activity 
while carrying out the present invention at a reaction temperature o£ 
300 to 550°C. 

There are well-known impregnation/ inversion, mixing/kneading and 
precipitation methods, among other methods for the method for 
manufacturing the catalyst. Any of these methods are suitable. 

The shape of the catalyst is not limited and any conventionally 

Naphtha. LPG, natural gas, municipal gas, and the like can be 
used for the raw material hydrocarbon. The. sulfur in the raw material 
is a catalyst poison; hence, desulfurization should be performed on 
sulfur-containing raw materials before passing through the catalyst. 

The reaction pressure of the present invention is not 
particularly limited, but the pressure on the raw material side 
.membrane-impermeable side, is preferably higher than the pressure on 
the membrane-permeable side, so the larger the pressure difference, 
the faster the hydrogen permeation speed is. However, the upper 
limits of the difference in the pressure on the raw material side and 
the pressure on the membrane permeation side is suppressed by the 

membrane strength. 

In the present invention, the hydrogen in the gas produced by the 

steam-reforming reaction passes through the 1- membrane, the 
impermeable gas containing the hydrogen and steam remaining in the 
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reactor is removed and cooled to condense and separate the steam, 
after which it is separated by passing it through the 2- membrane. 
However, the material, shape and gas permeation conditions (the 
membrane temperature, difference in the pressure on the membrane- 
impermeable side and the pressure on the membrane-permeable side, 
etc . ) of this 2" membrane may be the same as those for the 1" 
ra embrane, but 300 to 50 0 o C is especially preferable for the membrane 
temperature for practical use. 

The form of the gas stream between the high- pressure 

r.ia* a of the 1 st and 2 nd membranes can be a L 
and low-pressure sides ot tne ± 

i-v>o "Mice but a counter flow 
parallel, counter, or cross stream, and the like, but 

is more preferable. 

The 1" and 2- membrane reactor can be a welding, flange, 
screwing-in or o-ring type one, and the like, but the reactor can be a 
welding-type reactor when a high-purity hydrogen having a 99.999% » 
volume purity is the target gas product. 

A flame combustion system making use of burners is usually used 
for the heater of the steam reforming reactor, but it may be a 
catalytic combustion system. Or, another high-temperature gas source 

can be used. 

It is necessary to heat a large quantity of process fluid in the 
present invention, but a high-temperature combustion waste gas from a 
steam reforming reactor heating furnace can be used for producing 
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steam and heating the raw material hydrocarbons, a high- temperature 
membrane-impermeable gas from the steam reforming reactor can be used 
for heating the gas passing through the 2- membrane and thus the 2»* 
membrane, and a combustible gas containing H 2 , CH 4 , CO, and the like 
remains in the 2- membrane -impermeable gas; hence, by making the fuel 
source from the heating furnace, an energy-saving process with a high 
heat efficiency can be obtained. 
(Operation) 

As a result o£ the hydrocarbon, represented by methane, and the 
steam reacting using the steam reforming catalyst in the present 
invention, part o£ the hydrogen in the reaction gas product passing 
through the 1" hydrogen permselective membrane (1" membrane) , 
represented by a Pd alloy membrane, high-purity hydrogen being removed 
to outside the catalytic bed, and the reaction efficiency increasing, 
the amount of hydrogen produced can be increased and the reaction 
temperature can be reduced; hence, the heat resistance of the material 
constituting the device is improved fully and the catalytic activity 
is maintained longer. Moreover, by cooling and removing the steam in 
the above-mentioned 1" membrane-impermeable gas, subsequently 
removing the high-purity hydrogen again through the 2- hydrogen 
permselective membrane, which is represented by a Pd alloy membrane, 
and merging it with the hydrogen that passed through the aforesaid 1« 
membrane, the amount o£ the hydrogen recovered can be increased. 
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(Practical Examples) 

The present invention will now be explained specifically through 
the practical examples, but the present invention is not limited to 
them. 

Practical Examples 1 and 2 

The following practical examples were carried out using the test 
device shown in Figure 1; hence, they will be explained while 

referring to Figure 1. 

The reactor, which is an example of the manufacturing device of 
the present invention, is packed with 922 g of an Ni/Al 2 0,-based 
reforming catalyst 16 between membranes 18 (abbreviated to one 
membrane) bundled from thirteen 2 mm OD and 1 . 6 mm ID Pd alloy tubes 
whose leading ends were occluded, and an outer tank 14. 

A steam/methane gas mixture whose steam/methane mole ratio (S/c 
ratio, is 3 is supplied to a reactor 100 through a duct 10. The gas 
mixture is heated by a reactor heater 12 and a reforming reaction is 

i v.^ ifi Part of the produced hydrogen passes 

performed in a catalytic bed 16. Part or tne y 

through the membrane 18 and discharged through a duct 20. 

The membrane-impermeable gas in the reaction-produced gas is 

discharged through a duct 22 and the steam is turned into condensed 

water 42 by a cooler 24, and discharged through a gas-liquid separator 

28. 
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The reaction gas product fro, which the steam has been removed is 
supplied to a membrane separator 200 through a duct 30. The membrane 
separator 200 is packed with a membrane 36 comprising Pd alloy tubes 
similar to the membrane 18, and the membrane temperature is held at 

400°C by using a membrane separator heater 32. 

. • ^_ ^ h(a reaction-produced gas passes 

The hydrogen remaining m the reaction y 

through the .*,„e 36, is discharged through a duct 38, flows in 
through a duct 44 along with the hydrogen discharged through the duct 
20. the purity is measured by gas chromatography and the flow rate is 
measured with a flowmeter, after which it is combusted by a waste gas 

burner and discharged. 

The membrane 36-impermeable gas is discharged through a duct 40, 
lts composition is analyzed by gas chromatography, the flow rate is 

* nt- ic ejiibseouently combusted by a waste 
measured by a flowmeter, and it is subsequent y 

gas burner and discharged. 

The reaction temperature, surface area of the membrane 18 and 
membrane 36, contact time of the reactor 100, and the amounts of 
hydrogen recovered and methane supplied have been shown in Table 1. 
Moreover, the amount of the hydrogen recovered is the total amount of 
the hydrogen discharged through the duct 20 and duct 38 and the 
hydrogen flowing in through the duct 44. 

The other test conditions are as follows-. 
Test conditions: 
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8 kg/cm 2 G 

Reaction pressure 

Pressure on membrane-permeable side 0 kg/cm 2 G 
Comparative Examples 1, 2 and 3 

Except for removing the membrane separator 200 used in 111 
Practical Examples 1 and 2, changing the contact time and the surface 
area of the 1" membrane, and not using the membrane separator packed 
with the 2- membrane, the test results at all the same conditions 
have been shown in Table 1 as these comparative examples. 
Comparative Examples 4 and 5 

Except for using metal tube occluded at the leading end instead 
o£ the 1" membrane used in the practical examples, maKing the amount 
of gas discharged through the duct 20 zero, and increasing the surface 
area of the 2- membrane so that ail of the reaction-produced gas is 
discharged through the duct 22, the test results at all the same 
conditions have been shown in Table 1. 
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4. Brief Description of the Figures 

Figure 1 is a schematic diagram showing an example of the device 
for producing hydrogen used in the present invention. 

10: duct for supplying raw material(s); 16: catalytic bed; 18, 36: Pd 
alloy membranes; 20, 38, 44: Pd alloy membrane-permeable gas (high- 
purity hydrogen) discharge ducts; 22, 40: Pd alloy membrane- 
impermeable gas discharge ducts; 24: cooler; 28: gas-liquid separator; 
42: condensed water; 100: reactor; 200: membrane separator 
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